Drug courts are one of the most common strategies for dealing with the large proportion of criminal offenders who are drug-involved, yet methodological limitations limit the conclusions that can be drawn from many existing evaluations of their effectiveness. The current study examined the longterm impact of drug court participation compared to regular probation on the recidivism of 475 druginvolved offenders under supervision in Hillsborough County, Florida. Using a combination of selfreported data (collected through in-person interviews at baseline, i.e., the beginning of supervision) and administrative records, the study employed a repeated measures framework (examining five sixmonth time periods from baseline to 30 months post-baseline) and generalized estimating equations to compare the likelihood of being arrested between drug court participants and a matched sample of comparison offenders. The results indicate that participation in drug court was associated with a significant decrease in the likelihood of being arrested in the 12 to 18 months post-baseline time period. Although the drug court effect was somewhat delayed (it was not significant prior to 12 months) and short-lived (it was not significant after 18 months), the fact that significant program effects were observed during a time period that coincides with the conclusion of drug court participation for graduates and a time period well beyond initial program exposure, suggests that drug court participants are more likely than comparable offenders not exposed to drug court to remain arrest free when no longer under community supervision.
Introduction
In 2003, there were nearly 7 million criminal offenders under correctional supervision in the United States, and almost 4.8 million of them were being supervised in the community (Glaze, 2004) . A large proportion of these offenders are drug-involved. The Arrestee Drug Abuse Monitoring (ADAM) Program reported that over 70 percent of adult males arrested in 2003 tested positive for at least one illicit drug (Zhang, 2003) .
The high prevalence of drug use among criminal offenders and the increase in the proportion of offenders who are drug-involved have been well-documented-24% of the 4 million adults on probation have a drug law violation (Bureau of Justice Statistics (BJS), 2003a) and approximately 20% of state prisoners and 55% of Federal inmates are being held for drug offenses (BJS, 2003b) . Policy makers have responded to the large numbers of drug-involved offenders who end up in and cycle through the criminal justice system, sometimes multiple times, with a variety of strategies intended to curb substance use and criminality. These strategies have included self-help groups and therapeutic communities, TASC (Treatment Alternatives to Street Crimes, also known as Treatment Approaches for Safer Communities) models, and specialized caseloads for supervising drug-involved offenders (e.g., drug-offender probation).
Another common approach to dealing with the threats that these offenders potentially pose to public safety and public health involves providing drug-involved offenders with courtsupervised treatment as an alternative to traditional criminal sanctions. This approach is typically packaged in the form of a drug court program that utilizes a judge and other court officials in a non-adversarial environment to sanction, supervise, and provide alcohol and drug treatment services to offenders. In exchange for the possibility of dismissed charges or reduced sentences, defendants are diverted (from the traditional justice system process) to the drug court program in which they agree to participate in judicially monitored substance abuse treatment. The model for drug courts assumes that a combination of judicial monitoring and supervised treatment can be more effective in reducing drug use and criminality than treatment or judicial sanctions operating alone or independently. As of April 2006, there were over 1,557 drug court programs in operation and another 394 being planned (Office of National Drug Control Policy, 2006) in the United States. The drug court model is also being used or is planned in numerous other countries, including Canada, Australia, Jamaica, Ireland, Brazil, Cayman Islands, Bermuda, Trinidad, Barbados, New Zealand, Scotland, Norway, Italy, and Macedonia (International Association of Drug Treatment Courts, 2006) . Given the prevalence of drug courts in the United States and abroad, it is important that policy and operational decision makers are provided with the information they need to evaluate drug courts for efficacy, particularly with respect to long-term effects.
This study examines the long-term impact of drug court participation (compared to regular probation) on the recidivism of drug-involved offenders under supervision in Hillsborough County (Tampa), Florida. We recruited 475 drug-involved offenders, 274 of whom (58%) were enrolled in drug court, to participate in the impact evaluation study. Study participants were interviewed at baseline and 9-months following baseline 1 , and administrative data that provide information on the participants prior to and 30 months after the arrest that made them eligible to participate in the study were obtained. As is often the case, the selection process for drug court and other treatment interventions often results in observable and unobservable differences between those who are offered drug court and those who are not offered drug court, as well as those who accept and do not accept the offer to participate. Many evaluations ignore the selection process and its methodological implications, which makes it difficult to attribute impact to the actual intervention an not the differences between those receiving and not receiving treatment (Manski, Pepper, and Petrie, 2001; Horowitz, MacCoun, and Manski, 2002) . Although ignoring these issues makes for a simpler and 'cleaner' study, we decided to employ methods that would take into account the process of selection and enable the most rigorous evaluation possible. Our analytic approach helps control for biases associated with differences between those who did and those who did not enroll in drug court.
In order to examine the impact of drug court participation on recidivism among our sample of offenders, we utilize longitudinal marginal (population-averaged) models using Generalized Estimating Equations (GEE). We utilize these models instead of generalized linear mixed effects (subject-specific) models for two reasons. First, marginal GEE models describe how the average rates of arrests (in odds) would increase or decrease in the study population if offenders were in drug court, whereas the estimated treatment effect from mixed effects models would describe how the odds of arrest increase for any individual offender in drug court (Fitzmaurice, et al. 2004 ). Our intent is to calculate population-averaged effects of drug court on recidivism as opposed to subject specific because the former yields more generalizable and policy-relevant findings. Secondly, even though marginal interpretations can be made from subject-specific models, we are utilizing a non-linear link function, and thus it is not possible to average random effects over individuals (from subject-specific models) to accurately make marginal population interpretations (Fitzmaurice, et al 2004) .
The next section provides a brief summary of the literature on the impact of drug courts on recidivism. Subsequently, we provide a description of the Hillsborough drug court, our study methodology, our sample, and our results. In the final section, we discuss our findings and their policy relevance. Generally, our results suggest that participating in drug court reduces the likelihood of recidivism, after controlling for selection and maturation bias, although the reduction is not significant until 12 months after entry into drug court.
Previous Research
Drug court programs vary in their specific policies and practices because of, among other things, differences in local jurisdictions and criminal justice system practices, but they typically share several general characteristics. Generally, judges preside over drug court sessions (often called status hearings), and in collaboration with prosecutors, defense attorneys, and treatment providers, monitor defendants' progress with drug testing, and impose sanctions and rewards. Drug court programs vary in terms of the duration, type, and intensity of substance abuse treatment that is required; however, most programs offer a range of treatment options and require 12 or more months of participation before a defendant can graduate from the program.
Although not all drug court evaluations report reductions in recidivism for drug court participants (Meithe et al., 2000; Wolfe et al., 2002) , a summary of drug court evaluation studies conducted between 1999 and April 2001 (Belenko, 2001) identified several studies reporting significantly lower recidivism rates among drug court participants than comparison offenders (Brewster, 2001; Deschenes et al., 2001; Truitt et al., 2000; Gottfredson & Exum, 2002) . In addition, the United States Government Accountability Office (GAO) report on the efficacy of drug courts (GAO, 2005) , most of the adult drug court programs evaluated demonstrated reductions in recidivism, at least during the program participation period (i.e., 12 months postbaseline). The GAO analysis was based on 27 "methodologically strong" adult drug court evaluation studies (reporting on 39 individual programs, as some of the studies involved evaluating multiple courts) published between May 1997 and January 2004. Studies were defined as "methodologically rigorous" if they:
used either an experimental design in which (1) eligible offenders were randomly assigned to different programs or conditions and (2) there was an acceptable level of attrition5 or a quasi-experimental design in which (1) all drug court program participants were compared with an appropriate group of comparable offenders who did not participate in the drug court program, and (2) appropriate statistical methods were used to adjust, or control, for group differences. If random assignment was not used, in an attempt to ensure that the groups were similar, aside from program participation (the intervention), the comparison group(s) should have been as alike as possible on a range of important characteristics. Statistical analyses can be used to further minimize differences between the program and comparison groups. (GAO, 2005, pp. 10)
The GAO analysis suggested that fewer drug court program participants were rearrested or reconvicted than comparison offenders; drug court participants had fewer recidivism events than comparison group members during the time of program participation, for both any felony offenses and for drug offenses (felony or misdemeanor); and that the evidence for the efficacy of specific drug court components, such as the behavior of the judge or the amount of treatment received, on "during-program" recidivism was inconclusive. GAO also concluded that recidivism reductions occurred for some period of time after program participation, when sufficient follow-up data were presented (GAO, 2005) .
The generally positive findings of previous drug court evaluation results are encouraging because the drug courts that have been evaluated to date vary considerably in terms of program location (the 27 methodologically rigorous evaluations reviewed in the GAO report include programs located in 9 states and the District of Columbia and represent all regions of the country except the Northeast), program size, target population (with many program evaluations focusing on urban programs containing large proportions of non-white participants), judicial stage (i.e., whether the program is designed to be a diversion or post-adjudication program), and drug court program components (with substantial variability in treatment intensity, supervision intensity, and judicial leverage). The fact that most evaluation findings have generated positive findings for a program model that is implemented in an extremely diverse way across hundreds of jurisdictions, certainly suggest the promise of the drug court model. In addition, the general pattern of positive evaluation results being generated from studies with substantial variation in terms of evaluation methodology (with the GAO report including 3 experimental design evaluations, as well as numerous quasi-experimental designs employing either historical or contemporaneous comparison groups), outcomes examined, and the measured magnitude of their impacts, suggests a surprising degree of consistency.
In addition, although many of the existing drug court evaluations are methodologically rigorous, design or data issues limit the conclusions one is able to draw from many such inquiries. Importantly, out of 117 published drug court evaluation studies, GAO selected only 27 (23%) had enough methodological rigor to merit inclusion in their report. Common methodological limitations of the studies not selected include short follow-up periods, small sample sizes (i.e., limited statistical power), and reliance on inappropriate comparison groups.
Many drug court evaluations are characterized by short follow-up periods, which in many cases do not extend beyond treatment participation. Although it is necessary to assess whether drug court participation has positive effects during or shortly after provision, studies that examine effectiveness over multiple years are needed to determine whether the investment in drug court and its many features provides benefits at the individual and societal level over an extended period of time. Among the methodologically rigorous evaluations included in the GAO report, only 5 studies followed participants up to 2 years after drug court program entry (with the longest follow-up period being 3 years after program entry).
Many evaluations use small samples because program capacity or evaluation funds are limited. Although smaller studies may have an advantage in monitoring intervention fidelity and minimizing variability (Weisburd et al., 1993) , the cost of small samples is limited statistical power to detect relatively small effects (e.g., a 0.1 or 0.2 reduction in the likelihood of arrest). Small effects may be the best that current approaches can obtain with criminal justice populations in which substance use is often co-occurring with other problems. With small sample sizes, the potential to identify intervention effects is reduced. From a policy perspective, however, even small effects may be substantial-and worth the investment of public resources -if they can be extended to larger populations. The 27 drug court evaluations reviewed in the GAO report found reductions in rearrest rates by drug court participants that were 10-30 percentage points lower than rearrest rates for comparison group members. For actual differences at the lower end of this range (or lower), larger samples are necessary for significant differences to be detected between groups.
Finally, and perhaps most importantly, many quasi-experimental evaluations use inappropriate comparison groups and/or methods. Of particular concern are evaluation designs that involve using intervention dropouts as comparison subjects. Since those who drop out of drug court are likely to be 'self selecting' not only into the dropout group but also the outcome failure group, the selection bias in such a scenario poses a serious threat to the validity of findings. Most of the 27 evaluations deemed by GAO to be rigorous used designs in which all drug court program participants were compared with an appropriate group of similar offenders who did not participate in the drug court program. Specifically, to ensure that the treatment and comparison groups were similar in virtually all respects aside from the intervention, GAO selected evaluations in which the comparison group was matched to the program group as closely as possible on a number of characteristics or that used statistical models to adjust, or control for, preexisting differences between the treatment and comparison groups. However, several of the previous evaluations have used historical comparison groups with which to compare the drug court group (i.e., the comparison group consists of individuals processed via "business as usual" prior to the implementation of the drug court program), which has some limitations. Of most concern is the possibility that changes other than the drug court program itself occurred over the time period, such as political climate, procedures for processing, etc. Worth noting is the fact that the present study both matched "contemporaneous" drug court and non-drug court participants and uses analytic techniques that help control for differences between the treatment and comparison groups.
Other researchers have utilized longitudinal marginal GEE models in the drug court and druginvolved offender literature to measure binary repeated measure outcomes. Binary outcomes utilizing GEE were used for measuring pass/fail urinalysis and treatment scale results (Marlowe, et al., 2003) , as well as self-reported illicit drug use or alcohol intoxication (Marlowe, et al., 2006) . It has also been used for dichotomized Addiction Severity Index (ASI) composite outcome measures in studies of drug-involved offenders (Chan, et al., 2005) .
Although many studies of the impact of intervention on recidivism suffer from methodological limitations, several studies have addressed selection bias issues by using a variety of strategies, including randomization (e.g., Harrell, 1998; Deschenes et al., 2001) , the instrumental variable approach (e.g., Truitt et al., 2002) , and propensity score matching (e.g., Banks & Gottfredson, 2003; Rempel et al., 2003) . These studies constitute improvements in methodological rigor, but additional studies addressing the issues that complicate research of this kind are needed to create a better understanding of the potential impact of drug court on the likelihood and severity of offender recidivism. This evaluation of the Hillsborough drug court did not employ randomization because the Hillsborough officials were simply unwilling to randomize offenders to receive or not receive treatment, as is often the case in the criminal justice system. We did not use the instrumental variable approach because we could not locate or find a variable or variables that would sufficiently represent the decision to assign a subject to treatment but not be associated with the outcome. In other words, no measure enabled us to isolate the effect of treatment independent of unobserved subject characteristics. We did not use propensity scores to equate treatment and comparison subjects because our sample size was not large enough to justify potentially losing cases from the analysis for whom an appropriate match could not be found. Instead, we employ an analytic alternative that helps adjust or control for both selection and maturation bias, which the GAO report supports as a methodologically rigorous quasi-experimental approach for handling the complications associated with having non-equivalent comparison subjects.
Methodology
The current analysis builds upon previous research, offering findings on the impact drug court participation has on recidivism. We use a quasi-experimental design and a sample consisting of 475 drug-involved offenders who entered supervision in Hillsborough, Florida, 274 of whom were enrolled in drug court. The sampling frame consisted of all adult offenders who entered community supervision in Hillsborough during our study enrollment period (February 2002 through November 2002 , were determined to be drug-involved, had one or no prior prison commitments, had two or fewer supervision terms, and were on either felony probation or drug offender probation were included in the sampling frame. The drug court and non-drug court samples were thus matched in that both samples consisted of offenders who were drug-involved (described in more detail below), who had similar criminal histories, and who were under the same types of supervision, because we excluded offenders who were not similar on these dimensions. Additionally, we employed analytic methods to control for differences between the drug court and non-drug court samples.
The Hillsborough drug court being evaluated in this analysis has a pre-trial intervention program, as well as a post-conviction track. Participation in the pre-trial intervention program involved 12-to-18 months of status hearings, urine testing at least once a week, and several treatment components (screening, individual counseling, group counseling, acupuncture, and outside self-help meetings). Participation in the post-conviction program involved 24-to-36 months of status hearings, drug-offender probation or community control, random drug testing, and a range of treatment components. Drug court participants in this study were enrolled in either the pre-trial or the post-conviction program. No attempt is made to distinguish between these two treatment tracks descriptively or analytically in the current study, however, because the programs are similar in function and because comparison subjects met eligibility criteria for both programs.
Offenders were considered drug-involved if they had a drug-related charge other than drug trafficking, a charge that renders someone ineligible for drug court in Hillsborough. This restriction was essential to our efforts to identify a viable comparison group. Certainly there were offenders with drug or alcohol problems who were not enrolled in drug court and had charges that were not drug-related, but since it was not possible to determine from the administrative data if someone with a property charge was drug-involved, for example, we sampled only those with drug-related offenses. Similarly, there are likely some subjects with drug-related charges who were not drug-involved or did not have a problem with drugs or alcohol (e.g., a dealer who does not use). This, however, was not likely a common phenomenon and was not something for which we could control. Once concern with this approach relates to whether it resulted in the proportion of treatment subjects who use drugs being higher than the proportion of comparison subjects who use drugs. It is made clear later in the paper that drug court participants were more likely to report using drugs in the six months prior to the arrest that led to them being eligible for the evaluation, but this difference is not dramatic and is controlled for in our analyses.
We restricted our sample (both the drug court and comparison group members) to offenders with one or no prior prison commitments and two or fewer prior supervision terms because historical data from the Florida Department of Corrections (FL DOC) indicated that drug court participants rarely had more than one prison stay or two supervision commitments in their correctional histories. We also restricted our sample to offenders who were under either felony probation or drug offender probation because other forms of supervision (e.g., community control) were rarely used with drug court participants.
By excluding offenders who did not have drug-related charges, had more extensive criminal and incarceration histories, and were under unique or specialized forms of community supervision, we eliminated some of the bias that initially differentiated drug court and nondrug court participants, and thus were left with treatment and comparison samples that were essentially matched on these dimensions.
The sampling frame generated by FL DOC contained a flag for drug court program status. Individuals were classified as drug court participants if they participated in drug court for at least one day during the 30 days following the arrest that led to their current supervision. We used an intent-to-treat approach in our analyses, in that an individual's classification as drug court at baseline did not change over the 30-month follow-up period of our study, regardless of whether the individual exited drug court after initial classification. However, we dropped from our analyses 17 comparison group subjects who subsequently entered drug court during the 30-month follow-up period. 2 Our intent-to-treat approach is conservative in that we do not remove cases from our treatment group for not finishing the program. Some previous studies drop these cases from the evaluation or count drop-outs as comparison subjects, which likely inflates the impact of the intervention and in our opinion results in inappropriate conclusions about the efficacy of the program being evaluated.
Data Collection
The sampling frame was provided by FL DOC on a rolling basis (weekly) and included individuals who had entered supervision within the previous 7 days. We conducted baseline interviews with offenders entering supervision for approximately nine months, between February 2002 and November 2002. Subjects were recruited via telephone and household visits, and were interviewed in person in the community by trained field interviewers. Subjects received $50 cash incentives for participating in the baseline interview. Nobody else was present during the interviews, which were conducted using laptop computers and computerassisted personal interview (CAPI) technology. The interviews took, on average, 75 minutes to administer and were typically conducted in private areas of the respondents' residences. The interview covered a variety of topics including demographics (race/ethnicity, marital status, parental status, employment, income, housing), supervision conditions (drug court participation, supervision status/conditions, supervision contacts, drug tests, court contacts, attitudes toward supervision), alcohol and drug use (including lifetime and current use [frequency and intensity] of 14 categories of substances, problems associated with use), treatment history (including treatment readiness), mental health, social support, and criminal history (arrests, incarcerations, and commission of crimes).
In addition to the baseline interview data, we obtained administrative data from the FL DOC and the Florida Department of Law Enforcement (FDLE) on all members of our sampling frame. The FL DOC data included a variety of measures of criminal history, the instant offense or crime for which the offender was charged that led to eligibility for the evaluation study, and the type of community-based supervision on which the offender was placed. We also obtained data on time at risk (i.e., the time offenders are not incarcerated in state prisons or in residential treatment facilities); however, we did not use the time at risk data in the analysis because after analyzing the distribution of this measure, we recognized that its variability was limited (i.e., most subjects had either 100% time at risk or no time at risk) and that inclusion did not improve the models.
The FDLE data included all arrests (by local and state police departments) experienced by the offender. The coupling of the interview and administrative data enables us to control for criminal history, include numerous covariates, and assess the impact of drug court participation on recidivism, the outcome of interest in this paper. We obtained administrative data on recidivism from FDLE as recently as July 2005, which provide at least 30 months of followup data for all evaluation study participants.
In Hillsborough, we fielded a total of 1,100 subjects. Of the 1,100 subjects fielded, 475 (43%) were successfully recruited and interviewed, 462 (42%) could not be located and reached within one month of entering supervision (our established "window" by which the baseline interview had to be completed), 3 106 (10%) refused to participate, 40 (4%) were incarcerated or institutionalized for the month after entering supervision, 15 (1%) could not speak English (the only language in which we offered interviews), and 2 (<1%) had died.
Our ability to recruit and interview subjects did not vary much across our drug court and nondrug court samples: we interviewed 274 of the 640 drug court subjects (42.8%) and 201 of the 460 non-drug court subjects (43.7%). Although our response rate (43%) was lower than expected, the actual refusal rate (10%) was quite low and cooperation did not differ across our treatment and comparison groups. The large majority of subjects we did not interview could simply not be located and reached within one month of entering supervision.
The administrative data allow for the comparison of respondents and non-respondents on a number of dimensions, including demographics (age, gender, and race), substance abuse treatment received prior to baseline, and criminal and incarceration history (prior arrests and prior prison stays). Because we expected drug court and non-drug court participants to differ on some dimensions, we conducted non-response bias analyses within the drug court and comparison groups (i.e., we compared drug court subjects who participated in the evaluation study to drug court subjects who did not participate in the evaluation study). Within the drug court group, the only significant difference was on the age variable. Drug court participants who were enrolled in the evaluation study were, on average, 2.2 years older than drug court participants who did not participate in the evaluation study. In the non-drug court (comparison) group, two significant differences were found between respondents and non-respondents: males were less likely to participate (86% of the comparison group non-respondents were male, compared to only 75% of the comparison group respondents) and offenders with more prior arrests were less likely to participate (comparison group non-respondents had, on average, 1.3 more arrests prior to baseline than comparison group respondents). Although our overall response rate was lower than what we hoped to achieve, the number of refusals was quite low. In addition, those who were enrolled in the study do not appear to be substantially different from those who did not participate, and the few differences that were identified are controlled for in the analyses.
Study Subjects
Data describing our study sample are presented in Table 1 . The total sample had an average age of 30.4; was 77.5% male; was 36% white, 46% black, 14% Hispanic, and 4% other race. Over 46% of the sample did not graduate from high school, 36% graduated from high school, and 19% attended or finished college. Less than 24% of the sample was married, 19% were unemployed at the time of arrest, and 35% reported having annual incomes above $10,000. Additional data on the full sample are presented in Table 1 . Some significant differences between our drug court and non-drug court participants are evident. Drug court participants are more likely to have attended college, be employed, be on drug offender probation (compared to regular felony probation), believe they need substance abuse treatment, have received treatment before, recognize they have a problem with drugs or alcohol (problem recognition), want help for their drug or alcohol problem (desire for help), feel external pressure to get help with their drug or alcohol problem (external pressures) 4 , have used alcohol and illicit drugs (other than marijuana) in the 6 months before baseline, and score higher on problematic drinking and problematic drug use scales. 5 Drug court participants are less likely to be on felony probation (compared to drug offender probation) and have primary care responsibilities for a child than comparison group members. No differences were observed in the remaining variables, including most demographic variables, criminal history, and mental health diagnoses and symptoms.
Thus, we observe in our data what we might expect from non-experimental data, despite efforts to control for important characteristics during the comparison selection process. In particular, we observe differences between our treatment and no-treatment groups along dimensions that might reasonably expect to be related to our outcome measure (e.g., arrest). The drug court participants are slightly more drug-involved, but also seem to be more ready for treatment. Controlling for differences of this kind between treatment and comparison subjects is important if one is to have confidence in any findings related to the impact of the intervention.
Data Analysis
We estimated multivariate statistical models to determine whether drug court participation effectively reduced the likelihood of recidivism for participating offenders compared to nondrug court participants, while controlling for covariates and both selection and maturation bias. Selection bias is most problematic when groups differ on characteristics that are correlated with expected differences in the outcomes of interest-the circumstance of the evaluation presented herein.
Maturation bias occurs when the outcome naturally evolves or changes over time irrespective of the presence of an independent variable of interest such as drug court participation. Arrests sometimes occur at the peak of an individual's criminal career since engaging in many criminal acts increases the likelihood of arrest. The arrest, and any subsequent intervention, may in turn serve as a catalyst for change, or the offender may return to more conventional (i.e., less criminal) behavior simple because they are coming down from their peak of offending, and the latter may have happened in the absence of arrest or subsequent intervention. Either will lead to observed lower rates of arrest following the instant arrest. Testing the impact of an intervention like drug court without accounting for the potential effect of maturation bias can confound the intervention effect with the impact of maturation.
Our statistical approach follows methodology similar to that outlined in Heckman and Hotz (1989) and used by several authors in criminal justice research. For example, Broner et al. (2004) used similar methods to estimate the impact of a program to divert people with histories of substance abuse and mental illness from jail into community treatment. The model exploits the information from repeated measures on each subject by comparing the pre-/postintervention change experienced by participants in the intervention group to the change experienced by those in the comparison group, in a sense allowing a subject to serve as his or her own comparison. For this study, seven 6-month periods represent the repeated measures. Administrative data for two 6-month periods (12 months) prior to baseline and five 6-month periods post-baseline (30 months) are used in these analyses. Exhibit 1 presents the 6-month 4 Problem Recognition, Desire for Help, and External Pressures were measured by the Texas Christian University Psychosocial Functioning and Motivation Scales. 5 These scales were created using 10 individual survey items for alcohol and 7 individual survey items for drug use that were based on DSM-IV criteria for dependence and abuse. time periods and how they fit together relative to the baseline interview (conducted within one month of supervision entry).
The following equation shows the form of our outcome model. Let AR it = 1 if offender i was arrested during time t and 0 otherwise DC i = 1 if offender i was a drug court participant and 0 otherwise TimeT it = 1 if the observation is at time T = t and 0 otherwise Z it = a vector of covariates ε it = error term Then
We estimated this model using generalized estimating equations (GEE). Each subject contributed seven observations to the dataset; an arrest was observed for 1,156 of the 3,097 observations (37.3%). 6 The drug court indicator is included to control for selection bias due to omitted variables associated with treatment status (under random assignment the expected value of β 1 would be 0). The time indicators capture individual trend levels over time and are intended to help control for maturation bias; if the likelihood of arrest is the same in all periods then the coefficients on these variables would also have an expected value of 0. The most important variables in the above equation are the interaction terms, DC i * TimeT it where T = 3, 4, 5, 6, and 7 which capture the effect of the drug court program at 6, 12, 18, 24, and 30 months post-baseline (DC i * Time1 it refers to the period 6-to-12 months prior to the period that includes the instant arrest). 7 The corresponding coefficients measure the degree to which drug court is associated with arrest in the previous six months. Time 2 (the 6 months immediately preceding baseline) served as the reference category. If the drug court program is effective at reducing the likelihood of arrest during each of the five 6-month periods following baseline, we would expect the coefficients to be negative and statistically significant. This model allows us to examine the change in offending over time, relative to baseline, for the treatment and comparison subjects. Thus, we can examine, for example, whether those in the drug court improved more during a period than those not in drug court, relative to baseline.
Z represents covariates that are included to control for selection bias potentially associated with observed variables. These covariates are derived from either the baseline interview data or administrative data. The variables available for inclusion in Z were socio-demographics (e.g., age, gender, race/ethnicity, marital and parental status, education, employment, and income); social support (Lin Social Support Scale [range = 1-4, Cronbach alpha = 0.74]; substance use (including scales of problematic drug use [range = 0-1 Cronbach alpha = 0.75] and problematic alcohol use [range = 0-1 Cronbach alpha = 0.75]), readiness/motivation for treatment (TCU scales of problem recognition [range = 1-5, Cronbach alpha = 0.90], desire for help [range = 1-5, Cronbach alpha = 0.58], and external pressure for treatment [range = 1-5, Cronbach alpha = 0.77]), and treatment received; mental health diagnoses and psychological symptomatology (Colorado Symptom Index [CSI, Shern et al., 1994] , range = 15-75, Cronbach alpha = 0.89); criminal and incarceration history (i.e., number of arrests and having a prison stay prior to baseline); whether the offender had a public attorney; and supervision type and intensity (e.g., number of completed and incomplete contacts with probation, and number of drug tests taken and number of positive tests). Some of these covariates, specifically measures of supervision and drug test results change over time; all other measures reflect an offender's situation at baseline and are therefore fixed in each time period. 6 There were 456 observations and 7 time periods for a total of 3,192 observations. 95 observations were excluded from the analysis because the subjects had 0 or missing time at risk or missing arrest information during the period. 7 As mentioned previously, we used an intent-to-treat model, in which individuals were classified as drug court participants at baseline and retained that classification throughout all subsequent time periods.
Findings
The multivariate statistical models were designed to determine whether drug court participation reduced the likelihood of recidivism for drug court participants compared to non-drug court participants, while controlling for covariates and potential sources of selection and maturation bias. The models exploit the information from repeated measures on each subject by comparing the pre-/post-intervention change experienced by participants in the intervention group to the change experienced by those in the comparison group, thus allowing a subject to serve as his or her own comparison. For this study, seven 6-month periods (42 months total), including two 6-month periods (12 months) prior to baseline and five 6-month periods post-baseline (30 months) were examined. The 6-month period immediately preceding baseline was selected as the reference period because the purpose of the repeated measures model is to compare the pre-/post-intervention change experienced by drug court participants to that experienced by comparison group members. Within this framework we regressed a binary arrest indicator on drug court participation, as well as a rich set of covariates, using generalized estimating equations (GEE). We used logistic regression to estimate the likelihood of any arrest. 8 We utilized data for 458 subjects for the reduced model, for a total of 3206 time intervals. 57 subjects had missing data, for a total of 93 time intervals (2.9%). Of these 93 intervals, 13 (0.4%) were missing due to right censoring of arrest data (intervals that included time occurring after the arrest file was generated). Another 80 (2.5%) intervals were set to missing due to the subjects having missing or no time at risk, because the subject was in prison or in residential drug treatment for the entire 6-month time interval, or incarceration and/or treatment information was right censored. It was assumed that if a subject had no time at risk, the subject could not have been arrested, and leaving such observations in the analysis could potentially bias results.
The missingness of these dropped intervals is questionable. Retaining actual arrest information for these records could potentially bias results, justifying their removal. However, these observations would not normally be considered missing completely at random (MCAR) nor missing at random (MAR). These data could be considered informative (Diggle, Liang, Zeger, 2004) or similarly termed 'not missing at random' (Fitzmaurice, et al., 2004) , since the probability that arrest information is missing could be considered related to the values that should have been obtained. For certain individuals, it is possible that some intervals may have had no time at risk as a direct result of an arrest during the prior interval (which led to incarceration, for example). These missing intervals are irrelevant observations since during these intervals subjects were not able to be arrested, for either part or all of the period. We, therefore, analyzed the data treating the 93 intervals as missing, but we also attempted a more conservative approach by performing worst-case confirmatory models that assumed all intervals with missing arrest data had actual arrests occur during the interval. Table 2 presents the logistic results from the reduced model, treating missing intervals as missing. The results suggest that drug court participants are at higher risk of arrest than comparison subjects overall, while the time measures reflect that for both drug court and nondrug court participants the period immediately prior to the baseline interview was one of elevated risk of arrest compared to the period immediately prior and all periods after. The interaction terms are, however, the variables of interest, particularly those associated with times 3 through 7, as the coefficients on these variables provide measures of the association between drug court participation and recidivism (relative to baseline) in each of the five 6-month time post-baseline periods. As shown in Table 2 , all of the post-baseline drug court-time interactions (3, 4, 5, 6, and 7) have negative coefficients, suggesting that participating in drug court reduces the likelihood of recidivism as measured by arrest. The coefficient is significantly different from zero, however, only for the drug court-time5 measure (12 to 18 months post-baseline). During this time period, drug court participants are 2.04 times less likely to be arrested than their non-drug court counterparts, a statistically significant finding at the 0.01 level.
When missing arrest outcome information was forced to represent the 'worst case scenario' (i.e., missing data was set to indicate the presence of an arrest), the results were very similar to when missing arrest data were ignored. As was the case in Table 2 , Table 3 shows all drug court-time interactions with negative coefficients; however, the drug court indicator is no longer significant (although this is in the model for control purposes only and does not represent the association between drug court participation and recidivism), and the odds ratio for the drug-court time interaction for period 5 changes to 0.49 (p=.011). Table 4 , ignoring intervals with missing arrest data, extends the reduced model by including a number of covariates that are theoretically or empirically associated with recidivism. 9 As with the reduced model, the drug court-time interactions for periods 3, 4, 5, 6, and 7 are the independent variables of interest and reflect the association between drug court participation and recidivism (relative to baseline) in each of the five 6-month post-baseline time periods. Similar to the reduced model, the coefficients for all of these variables are negative, but drug court participation is statistically significant in only time period 5 (12 to 18 months postbaseline). During this time period, drug court participants are 2.16 times less likely to be arrested than their non-drug court counterparts, controlling for baseline characteristics and covariates. The log likelihood of this model was -1765.7, which suggests that the addition of these covariates to the model resulted in an improvement over the previous model, which had a log-likelihood of -1980.6.
The findings presented in Table 4 show that a number of covariates are associated with the likelihood of arrest during the 30 month follow-up period. Age is negatively associated with the likelihood of arrest, with older offenders being less likely to be arrested. Hispanic subjects have a higher likelihood of arrest (compared to white subjects). Both of these findings are consistent with literature and therefore not surprising. Social support appears to be somewhat protective against arrest, with offenders reporting higher levels of social support having a lower likelihood of arrest. Interestingly, psychiatric symptomatology (measured by the CSI) appears to be negatively associated with likelihood of arrest. One would have hypothesized that subjects with higher scores on a scale of psychiatric symptomatology would have been more likely to be arrested; however, it is possible that those who score high on the CSI were more likely to be in some sort of residential mental health placement (an indicator for which we do not have data) and therefore had less time at risk (i.e., time in the community to be arrested) and a lower likelihood of being arrested. One surprising finding is that none of the substance use measures were significantly associated with likelihood of recidivism during the 30-month follow-up period. We explored the possibility that our measures suffered from multicollinearity and that perhaps the association between one or more substance use measure and recidivism was being attenuated, but no evidence of this possibility could be found.
Several criminal history measures were associated with arrest, although not always in the expected direction. Although arrest history was associated with a greater likelihood of arrest (consistent with the notion that past behavior may be the best predictor of future behavior), offenders who served at least one prison sentence prior to baseline were less likely to be arrested during the 30 month follow-up period. Although somewhat surprising, this result is consistent with findings from an analysis that examined re-arrest for nearly 140,000 drug-involved probationers in Florida (see Lattimore et al., 2005) . It is also consistent with previous research (e.g., Andenaes, 1968; Fabelo, 1995) that seems to support specific deterrence theory which posits that individuals who experience more severe punishment, in this case a prison sentence, are likely to reduce their criminal activities in the future. The idea that incarceration reduces recidivism is, however, not without detractors (e.g., von Hirsch et al., 1999; Andrews & Bonta, 1994) . Interestingly, being represented by a public attorney (as opposed to private counsel) for the charge that led to the current supervision term was associated with increased arrest likelihood. It may be that having a public attorney is a proxy for other risk factors for recidivism, such as low socio-economic status or limited social support, however since we have measures that control for income and social support, it may be that having a public attorney has an independent impact on likelihood of arrest.
Finally, several supervision measures were significantly associated with arrest. Measures of both uncompleted and completed probation contacts are significant and positive, illustrating that the more probation contacts (or attempted contacts) an offender has, the more likely he or she is to be arrested. Although having more contacts may simply increase the likelihood that a probation officer will detect an offender doing something illegal, probation officers may have more contacts with offenders whom they perceive to be (and who may actually be) at higher risk for recidivism. The number of drug tests administered to an offender is associated with a decrease in arrest likelihood, suggesting that testing drug-involved offenders for drugs may deter them from using drugs and/or committing crimes.
Similarly, when missing data was assumed to represent the 'worst case scenario' (i.e., missing data was set to indicate the presence of an arrest) in the full model, the results are very similar to those generated by the model that ignored missing arrests. The same results hold, except incomplete contacts becomes insignificant (p=.07), having a prior prison stay becomes insignificant (p=.16), having a public attorney becomes significant at the 0.01 level (p=.003). Since the results do not change very much depending on whether missing arrest data are treated as missing or as actual arrests, only the model ignoring missing arrest information is presented.
Discussion and Conclusions
This study examined the long-term impact of drug court participation (compared to regular probation) on the recidivism of drug-involved offenders under supervision in a large county in Florida. Our study was based on a relatively large sample (n=475), a rich dataset comprised of both self-reported and administrative data, an extended follow-up period, and an analytic approach that helped control for selection and maturation bias. The results indicate that participation in drug court is associated with a significant decrease in the likelihood of recidivism in the 12 to 18 months following baseline.
Although drug court was associated with decreased likelihood of recidivism in the other time periods, the association was not significant. The impact of drug court appears to be delayed (particularly since the 12-18 month time period reflects a time period that often follows the conclusion of drug court participation for program graduates, and a time period well beyond initial program exposure for program drop-outs). In addition, the "drug court effect" seems short-lived, in that it is not sustained in subsequent time periods.
Interpreting the delayed and somewhat short-lived drug court effect observed in this study is also difficult because few previous evaluations have analyzed long-term effects (for all members of a large sample) and none that we are aware of have examined effects by various time intervals in a repeated measures framework such as the one employed in the current study. The GAO review identified 17 drug courts for which post-program recidivism was analyzed, and found lower rearrest or reconviction rates for drug court participants compared to comparison group members for 13 of these programs (GAO, 2005) . The pattern of a "delayed" drug court effect observed in the current study is somewhat supported by the Maricopa County evaluation (reviewed in the GAO report), which did not find a drug court effect during the oneyear period associated with program participation, but did find lower rearrest rates over a threeyear follow-up period for drug court participants compared to comparison group members.
When a single study produces a finding it is sometimes viewed as an anomaly until it is replicated. The fact that this other study also found a delayed impact lends credibility to our finding. Relatively few drug court evaluations have looked beyond the program period, so it is unclear whether what we found is common or not, but certainly two studies finding the same delayed impact of drug court on recidivism suggests there may be something about drug courts that keep them from producing an immediate impact on client recidivism. Many drug courts, including Hillsborough, impose strict supervision conditions on clients and it might be that these conditions make it difficult for clients to succeed (i.e, remain arrest free) during the program period, but that these conditions are somewhat effective at discouraging offending long-term. Of course, we see that the impact drug court seems to have on recidivism goes away 18 months after program enrollment. One implication of our finding that the impact of drug court on recidivism is delayed and rather short-lived is that drug courts and researchers should explore what about drug court might be producing these results. By interviewing drug court participants and staff, we might be able to determine what it is about drug court that makes it difficult for participants to make any gains in terms of recidivism compared to their comparison counterparts during the program period and why they are not able to sustain any subsequent gains long-term. We might find that the some changes can be made to the drug court model that would result in more immediate and longer lasting impacts. For example, maintaining some features of drug court beyond the typical program period (e.g., random drug testing) could result in longer term effects.
Although this evaluation makes a contribution to the literature on the efficacy of drug courts and presents some methodological options for researchers faced with quasi-experimental conditions, it is not without limitations. First, the baseline response rate was relatively low and our data were collected in a single county in Florida, which limit the generalizability of our data and results to other jurisdictions in the United States and other countries. It is encouraging, however, that some of our results are consistent with other research and that our nonresponse bias analyses did not uncover any major differences between those who did and did not participate in our evaluation. Second, the research design we employed is quasi-experimental in nature, which makes the evaluation of the intervention more complicated logistically and analytically. Because we believe accounting for bias that typically affects non-experimental studies is important and methodologically responsible, we did what we could to match treatment and comparison subjects and analytically control for observed differences using a unique analytic approach. Unfortunately, randomizing subjects to receive treatment or not, was not possible, which is often the case under evaluation scenarios of this kind (Manski, Pepper, and Petrie, 2001) . Third, as is the case with any data that uses self-reported data, threats to data quality, such as issues related to recall and honesty, are always a concern; however, we used self-reported data for both treatment and comparison subjects and only at baseline. All outcome data on recidivism were based on administrative data. Although we would have liked to use the follow-up interview data, we noticed differential attrition, as well as differential rates of recidivism associated with attrition, across our treatment and comparison groups. Using only administrative data for the recidivism outcome thus constituted the more methodologically responsible evaluation approach and enabled us to study the impact of drug court over a longer follow-up period (i.e., 30 months).
The nature of the outcome data, as well as the analysis framework utilized in this study, had limitations. The fact that the nature of the arrest outcome and the time at risk measure were potentially associated created analytic challenges. Alternative methods could have been employed to treat the missing data in another way, for example, multiple imputation techniques, Last Observation Carried Forward (LOCF), or principal stratification techniques. However, these methods would not necessarily help address the decreased opportunity for arrest that individuals were experiencing during an interval of no risk (i.e., when they were incarcerated or in residential treatment). An alternative to longitudinal models using 6-month intervals, that we plan to utilize in future studies, would be to employ survival models with time dependent covariates to assess exactly when an individual became at risk and or recidivated. This time dependent covariate approach might also be an effective alternative to dropping cases who started out in the comparison group but entered drug court during the follow-up period.
In sum, the large number of offenders who are arrested and supervised in the community and who are drug-involved has been widely documented in the United States and abroad. Some proportion of these offenders are referred to and enter drug treatment courts, which seem to have the potential to reduce the likelihood of recidivism. A substantial proportion of prison inmates are drug-involved and/or being held on drug charges 10 , and the costs associated with imprisonment are substantial. At a time when budgets are stretched, it is possible that drug courts may yield a number of societal and criminal justice system benefits--both in terms of improvements in public safety and potential cost savings. Providing drug court as an option to drug-involved offenders around the world who might otherwise be supervised in the community may in fact be a feasible approach to reducing the likelihood and collateral impacts of recidivism, and thus enhancing public safety. This evaluation provides some support for the role of drug courts in our mission to reduce substance use and criminality, but additional research is certainly needed to better understand the long-term impact of drug courts, which components are most effective, and for whom drug court is most appropriate. 
